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[Abstract] Objective To investigate the effect and its mechnism of ubiquitin ligase cullin3 (CUL3) on the proliferation,
migration and invasion of gastric cancer cells. Methods The expression of CUL3 in gastric cancer and adjacent tissues and its
relationship with clinical prognosis were analyzed based on TCGA database. HGC-27 and BGC-823 cells were transfected with
CUL3 shRNA and empty lentivirus to construct a CUL3 knockdown gastric cancer cell line group (shCUL3 group) and an empty
lentivirus transfection group (Vector group). CCK-8 assay, clone formation assay, EdU staining, scratch assay and Transwell assay
were used to detect the changes of proliferation, migration and invasion ability of the two groups; Western blotting was used to detect
the expression of epithelial-mesenchymal transition (EMT)-related proteins and PI3K/Akt/GSK3P pathway proteins in two groups;
The changes of migration and invasion ability of shCUL3 group were detected after application of PI3K agonist 740 Y-P. Results

In the TCGA database, CUL3 was highly expressed in gastric cancer, and was significantly associated with poor prognosis of
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gastric cancer patients. Compared with Vector group, CCK-8, clone formation assay and EdU staining showed that the proliferation

of gastric cancer cells in shCUL3 group was inhibited (P<0.05), and CUL3 shRNA could significantly inhibit cell migration and

invasion (P<0.0S); In addition, compared with Vector group, the expression of E-cadherin protein in shCUL3 group increased, and

the protein levels of vimentin, B-catenin, p-PI3K, p-Akt and p-GSK-3p significantly decreased (P<0.05); In contrast, application of

the PI3K agonist 740 Y-P could partially reverse the inhibitory effect of CUL3 shRNA on gastric cancer cell migration and invasion.

Conclusions Knockdown of CUL3 can inhibit the proliferation, migration and invasion of gastric cancer cells, and the mechanism

of action of CUL3 in gastric cancer may be related to the activation of PI3K/Akt/GSK3[ signaling pathway.

[Key words]

B H AL R SR UL R . ORI
GLOBOCCAN (2020%4F ) $dit o, HABRAE i F M
FET- R E AP =AY, PR E A2
MfRE . KRB B E RIS TR, B
R RS, BRI RCRARE, ARG SERBAERFR
<30% . P, IRITE R B Y K R LR T
FHRBAEMAIT IS 2 X EZEY . Cullin3(CUL3)
E, 2 RIEHMABENR, 252 XN FHZHIE
Ykt 2, 5 2M A R(RRET . it
JEV ST s 2 ) R (v LR L 1 PADE B e 452 ) 1
KA MISEE L STAERMIFSE K& B, CUL3TE MBS BEsE |
FUIRIE s S5 bR ) e A R R AR, SR
HEARMUR ARG, "THESNRF2 . NE-kBE (55
i EEA I AHIRSE 1 M B CUL3 R I 15 R Fa
FEYL AR A, RTTCULSYE B 40 M35 . xR A
RSB PRMERILE, 7 GRS B 6T
(RS4RI S %

1 MREFE

1.1 FEMESEH ABEMMEKEBGC-823,
HGC-27. MGC-803, SGC-7901 1% &% I Kz 40 iy
GES-1& [ 1 [ LA R W 5 0 (CCTCC) . iR
A 1M . DMEM/F12485 5% 5L (6 E Gibeo A Al ) 5
HE ., HEE. CCR-8ilil& . BE| . EdU-594
21 8 A AG R & . BCAE e ik & (L
MRRKINA]); Transwel/NE (EFEET AT ; HR
B (SEEBD/AF]); CUL3. E-cadherin, B-catenin.
p-PI3K. p-Akt. p-GSK-3BHIGAPDH % vi fEHTIK
(3 [E Cell Signaling Technology/A ) ; PI3KIK 7
740 Y-P(_LIEEMCEAH]) .

1.2 HBURbRAIEE 1820209 H —20214Fs
HAEM A =W N R EEBEi2 13701 5 i B
4 11 AR B et B AR Hh U BRI 1 9 (G C ) R 5%
3~5emZIZU(NCHL) . 376 FE 200, L1744,
i 45~65% , BIRGIFHAWRGMIE, RuTHAR
A2 KA 2= 25697 . WEE A ZURAETE-80 C
TRAR IR VKA 25 o B DR A T IR AR VKA Hh iR 2H 20
FEARRREL, %100 mgZ1 2R /1 mIZL W Y 5 in A & 411
R A, T AR AR 213K 30 s /2K, Hh (][]

cullin3; PI3K/Akt/GSK3p pathway; gastric cancer cells; cell proliferation; migration; invasion

PV min, HZEMALELHM ., KI5 E T4 CHl
BB HL12 000 r/minBS 0215 min, Y FIER T
BB P ORAETE I . FIBCASE e B i) &
FEEAWE, J52iUE T Western blottingku il . A<Hif
5807 Z2 Ol i A R A [ [R5 R Be AR BE 2R B
2B (E2[2018]5503015)

1.3 ik

1.3.1 AEWEE¥4 BT TCGAX:E FE +
B IR FEA S B, Ki R TIMER (https://cistrome.
shinyapps.io/timer/), B CUL3 % HTE 2 P 1k
Jisgg S L o5 L AUh i R G O, T4 4 1S
JRA B a6 AL P CUL3 B Rk w, 8
if Kaplan-Meier plotter¥{ 4} /& (https://kmplot.com/
analysis/ ) 7T CUL3XT 15 9 £ 35 AE A8 0 A 52
1.3.2 @k A\ BRI AHGC-27fIBGC-823 )
CUL3ZKIAIHNL  dedeab TX B E K IHGC-27 1
BGC-823 H 4, LABEALs x 1044 Fp T 64L
B, 52 RICLAME MG 7 R 13 I CUL3 shRNA(H
5. GAGCGGAAAGGAGAAGTCGTA)E %5 #;
e, ol 5B RNR A A 2R (L
T AR BEARA R . RIRH YN,
41 73 9 shRN AR CUL3 5 9 40 i) 22 4 (shCUL3
)52 AN IR YA (25 ) o e R AL
(MOI)(HGC-27)=10, MOI(BGC-823)=20., #4J5
10 hif i, M A: K E60%~70%0}, [ 4% FLH
AR EEZ, 2 A NS 52 41 M Y 25 0 IR 40
M e eRET-, WAELNHL, R Western blottingﬁﬁf
BORBGAE, ARG UEAT IR 25000 . 18 B e T e
i, TEIEZE RS (HAOlympus/A Al ) T W%
PGB, KA 0%

1.3.3 CCK-8ILAG A MU A AE S BEHE96 LR
R shCULIH s sl i, B4 2 1L,
TEH IR FRF PSR, 24, 48, 72 h/EIT MG 5E
fE 122 o HEFTECH] AT 10% CCK-8IF MM K; 77
SR, FEERREL, PBSUE2K, FFLINA 100 pl
CCK-8IAWR, 73 55t FL il 15 77 FEAE Sl 25 vt |
5 CCR-8V AR TC A M i FLAE A B X B, 8
4 i AE 55 7248 % B 2 b5 FH B8R [ (Perkin Elmer) ]
FEWOCREMA



1.3.4 EdUJ kil 40 fids a6 S SEHFEAU-594
£ i 148 A I ) S EATEQ U . FE24FL AR Hhon
A14 mm K/ TCHE 3585, B shCUL3L A2 2
A B A ERI A L, s . Bl
20 pmol/LINEAU TAEW, 37 CHIE, SRt
FRBUR AR A24FL0H, #5354 5 120 min
JEHUH, FEEIRW, PBSTE2IRK, MIA300 wlE
FEW, W E E20 mine AFFLAIS00 wIie B PR
YRR3R, K4 min, BFLIIA180 wl 0.3% Triton
X-100f¥ ClickJx Wi, % I EIF F 30 min, 57V
W, PBSYE2UK. JHEDAPIMYE H il Er -, 7E2¢06
BT T SR ML 36 S A L4 BRI 5 o

1.3.5 “PHOEREIE N SEE: T EIshCUL3A FlZs £5,
AN I I TR RS, 6fLM T e Fheso~4iiE / fL,
FEBR72~96 WWLE 40 i A= K AF B AT H v, 47
B WAL E80%~90% 11 HLA™ o [ 1 JE 4l L %4> 50
i, FHPBSUE2IK, BALINAL ml 4% 2 R H BT
il 7 18 min, PBSYE2YK, HESLAIAO. 1945 il 55 YL
(P E &) 1000 Wl 412 min, VEEGLI, 4t
T, AP RE

1.3.6 WESCE R YS90 (CUL3 shRNA
Ko 28 1B R TR YL HG C-27 MIBGC-823 4 fits ) 4 b
FEGFLA T, 15 20 i 2 ik 51 85% ~90% i, FH K 1
Je 1 mI Sk 3R ST 40 A 2 0 Rl o T 4R L4k
FHF- A7 £8 1 e L VR A0 . ARSI R IR CUL3 S
X AN AR AL RE 1 s s, i A L B R O
DMEM/F12; TER I CUL3XPI3K/Akt/GSK3BIE 5
I BRI, A S BN S PISKE B 740 Y-P
(30 pmol/L) Y HE A 15 2 FEDMEM/F12. 75 H B
5 (H A Olympus /A v ) FHARGIC SRR T8, ik
[l 8% FE R AR S 15 9748 b, A HRIC SR [R] — LT (9 R
BilE .

1.3.7 TranswellSC%  7E Transwell/NE F 0 A 1:67
*%EE‘JMatrigel%Eiﬂi(%%?Q&ﬁj)?ﬁ%w,
HTPREFEMTeh, WEMHYS 4 (CUL3 shRNA
K28 MR B YL HG C-27 FIBGC-823 41 ift ) i &L T
T 5, USRI, B E=mA
F1x 104100 nTR B . ZERI ik CUL3
Jei %t 5 A0 AR R R S R I, R I 600 pl
B8R FR 3 fERI CUL3XS PI3ZK/Akt/GSK3B
G5 mEr, FEPMA600 plf A &
740 Y-P(30 wmol/L) Y 5e 24558 5 . #i & 24 b5 B
gife, [, Jeta)s TEE B ST (H A Olympus
o)) FREMLEES A BT R, s g, SROF
BIA

1.3.8 Western blotting ¥ ill PI3K/Akt/ GSK-3B 15 5
W PEAH G FI RIS SR H]Western blotting £l

Med J Chin PLA, Vol. 48, No. 3, March 28, 2023

I 41 M FF CUL3 R J5 PI3K / At/ GSK-3B 1 53 15
PR AR FIBTEDL . R FIRIPAZ i (s R4k
IROS ) B A AR R . BCABR (e =il &
R & (R, A A ERRE 0PS £ 100 CF
A AL 10 minff A (AR, i 12%PAGESE i H
WA B AREAR, BB, selimrstiAl, ImA—dt
BREGE, fF4 CRIR LIRS . TBSTUE
4R, BB KA S INAHRPARE BT bt
(1:17500, CST/AH]), ZiR NFERMEHEFE LR,
AT BARZRAT, B3R A5 B0 45017 18 1 Tmage JHR132E
15 R BE 4341, GAPDHAE R FREF

1.4 G303 RISPSS 23.08 4 #k 47581143
Mro THE SR Dreson, WAL ] H AR FH W 2l ST
FEAR UGS, Z4AM LR AR E R 7 200,
— L LEECR FISNK-g i 55 . P<0.05h 25 5 A 48

eI
2 % 7

2.1 CUL37EBEALIUP M REFENR HFTCGA
Bl A S B2E i B oR, CUL3TER B 2 Fh
JbEE (CanFL e . A5 . BT B A
G SEEHSUh M RIAAAEER, KPS EA
AR 25 B THE (P<0.001, K1A. B), HTE
AR B3 98 e iR R IRAFEE R, 2.
3. 4R CULIR A & & T 1 (P<0.05, Kl
1C), M7E1Y R E T CULIRIAEISE T2, 39UE
FH, HERLLIT#E L (P>0.05, F1D), nfigtsS
FEA K/ O, [AIRFCUL3 5 B B & TR 5 2
A K (P<0.05, EI1E). Western blotting/a il £ 2 il
7N, CULSTESR U (1) 335 KT B 8 i T 55 4
41(P<0.01, K1F), X*fBGC-823. HGC-27. MGC-
803. SGC-79015F4Fh N\ B i 4f A 22 M B &G b K 240
MIGES-1"1 CUL3 MY FRIA W L b A T I A 80, 15 9 4
Jifl Z H CUL3 A /K - B I 5 16 B 2L iz 4
Jfi(P<0.05, K1G), HAFHGC-272BGC-823 5 Ji 4
Ml Z th CUL3R A /K-Sy, PRI 5 L e 0 7
i 2 A CUL3HEA T 5256

2.2 FAIRCUL3XT B S 4 i R I 0w /EA il
HshRNAZF 3| @i flkHGC-27 FIBGC-823 1 CUL3AY 3%
IR IR AR . BB YO0 WU WS M Western
blotting i 4% 5 i/, shRNAF B 8 @ flkHG C-27
MIBGC-823H1CUL3M % ik (P<0.01, [K2A. B).
CCK-8¥L k25 L /R, "ifIKCUL3JS 15 Ji 4 i 1%
P 55 (24 h: P<0.05; 48 hfl172h: P<0.01;
Kl2C), wabEIE s gm 4 R oR, (R/KFCUL3
IS T R A SR TR B BE 1 (P<0.01, E12D).
EAURINZS R BoR, @l CUL3HFEAUHYE 40 i i {2



WREESAGE 200331280 Hasks 3

*kK FRK *% B N T ETT Y KRk okKK *kk .IE",%"#Z’K
6 : W REAR
S olle | & WEREREA
[ . off ofe 4
% |, &
2 % Jo [l o
a4 : = g
® s
o) . ]
5 21 i B[
O
0S8 =<3RE032000<25002 PTE0055300000000280000003500E<35005;
VLLULO % m,5£00<<muumww mgggggHH
<§E§§235055885$$U§§§§MMMM¥
22 00
mEg z2z
= g @
*
*
__ 40 ok ~ 401 * ~ 350
z 2 T T B _
2 304 i £ 304 i 2 T
¥ 20 | T20{ | ¥ _ § i
X x ) ’ a0
< 10 ' ; 9 10+ - i | 2 1ol m T
) — i D - . 5 4 - 1
O S, °,
B4 Bl B 2 3 4l B 1% 28 3%
(n=34)  (n=415) (n=34) (n=18) (n=123)(n=169) (n=41) © (n=34) (n=12) (n=148) (n=246) ©
100

HR=1.46(1.21~1.75)
Log-rank P=0.00005

1 —cuLsft ik
0 —CUL3f # ik
50 100 150 B N, T, N, T, N, T, ® GES BGC HGC MGC SGC ©
ARl (H )
Number at risk
k3= 652 242 37 1
ik 223 56 11 0

B1  CUL3TE B i Rs KT
Fig.1 Expression level of CUL3 in gastric cancer
T. B NEBHS A CULMTER S AR FIE P AYRIAT AL B. CULSTEIE R 41 HMA A P RYRIE; C. CULSTEH A
S R IRIE N ; D. CULSTE B A F R FRIA L, E. CUL3E B A R AYIE R E Western blotting Kl CUL3TE F A 2H ZUFN i
S G. Western blotting# Il CUL3E E# 1 R I+ K 40 FH4Fh B A0 3R wh (9 28155 00 5 *P<0.05, **P<0.01, **P<0.001

W/ (P<0.01, [#12E). Hp-PI3K, p-AktHlp-GSK-3B ik K F 1 B
2.3 CULSXI HE4IM R . REN LR W T (P<0.05, Kl4A); 5shCUL3HILE,
L(EMT) B #fiKCUL3)S, HGC-27FIBGC-  shCUL3+740Y-PZH 5 %% 41 il 1T 7% (K14B . C) Fifz 22
823MYIT B ik J1 (KI3A) FIMR 28 HE J1 (KI3B) WA W[4 AIk  (IK14D)HE J1 ¥4 T i (P<0.05)

(P<0.01) . XTEMTHHICH (12351 0L F 17 K0 &

B, 1FERECUL3IMHGC27 MIBGC-82340iarp, |+ 3 W

F¢ 2 MR I EFS 8675 11 (E-cadherin) 2635 i, AR B RH RS E WA M, fE 2Rk
RMEAWIEEARIE T, B-cateninfFRIFWHT  WIHERGRABETHRIZM RG], 20558 0% A&
i T (P<0.05, K3C). SRR B E A R R R EZEEM, MEMT

2.4 CUL3MIPI3K/Akt/GSK3BIE 3l 4% 7o 45 T OCHEMY . BEsEmen kzC
BT miEE SERANE, shcUL3 RAREMNEYE, TARIBTEAELENE,



Med J Chin PLA, Vol. 48, No. 3, March 28, 2023

HGC-27 BGC-823

shCUL3%H

1.0 HGC-27 I -2
#shCUL3%H
£
a *¥
D—: 05_
5 © - N
b O
8 O
m T T T I !‘
0 24 48 72

- Ff 7] (h)
3 1)
o0 1.5- BGC-823 Q
S %
o O
2 9]

z 1.0 M

9’ ¥k
8 0.5+ *;/I/!

0 24 48 72
I} ] (h) ©

BGC-823
shCUL341 S shCUL32H

EdU

DAPI

$
<o

B2 @R CUL3XT 5 i 2 M 5 1 52 )

Fig.2 Effect of knockdown of CUL3 on the proliferation of gastric cancer cells
A. BB UL BT AN HEE Y B (x100) 5 B. Western blotting il CUL3 2 FH AR I s C. CCR-83EM M F ik CUL3 X} 15 4
YNNG TTHIFEIE , **P<0.015 D. FERESE L 5045 I mi Il CUL3 X A0 i se Y iU RE J0 Y520 5 E. BAUKS U R IR CUL3 X 20 384 5 14 5 i
(EdU+DAPIZ: {1, x400)



@ IR G 202343 H 28 H 5548¥s 553

HGC-27

~ shCUL3%]

HGC-27

BGC-823

BGC-823

BGC-823

E-cadherin E-cadherin

Vimentin

B-catenin

GAPDH

B3 ERARCUL3XT H i 4 LT 7% AR 22 1 S
Fig.3 Effect of knockdown of CUL3 on migration and invasion of gastric cancer cells
EMT. b RZ-[IBE AL A, AR S A i IR CUL3 XS 1 i 4 ML A2 HE T 52 s B. Transwell SE S0 AN R A CUL3XT 1 s 240 A 152
ZERETT IR (0.19%45 fb 28 L {8, x 200); C. Western blotting % I EMTAH S8 A 19281k

I, SR B AR S AR JHEE
TR-EAMEKRES 5 AU E B8
FEHRSNEREFEZMAMOSRE, MZRS%
DIRE O R 5k g . R I B PR o A 1)
RSP LI CUL3 Rz -5 WA RS0
FEAZ—, HRHRES ANKZF IR &
AR DI OG, QnFL AR 40 M CUL3 SRk F i
I8 A FLIRE B I I -1 (BRMS1)iZ E 4k
et st o A2 0 b 200 B B 7 B ™ AR S — TR 5
o, UTER CUL 3T PR B AT RUM il Pt 2 Jg I Y 40 e iy
A K I 40 e S B T G (ELAE R 4 R
JE T, Cullin3-KLHL20H K 7] S8 PMLEE H %1k I
P, NI AL B AR S R - Lo, T AR A PR 1)
KA CULZRT B 5 B Y & A4 & J B Al R
DLARIE . AWFFE KB, CUL3TE B4 0 40 il &
hERs, SHmEETEA R T, W
HCUL3MAIL B ke S e i R UESE, #ifIiCUL3

Feak o] B W0 A M s . T MR 2 RE
Ji5 BeAh, EMTRHEEE FE-cadherinF ik &34 i,
{HCUL3ME it B i & 4 EMT i EARHLHI A 5 E—
A5

KB A&, PI3K/Akt/GSK3BA5 5l & 1E
MR R TR R T AR R T
FEAEFM YanZ VR, 7E B R AN R b
A K2R Z AR (GHR) 7 11| PI3K / Akt {5 538 5
M 20G, 40 M R B A, (R F B s A B R T
Wang %5 "SITERIF ST 5 88 £ I T B 1o FE A % PR
#HRHE A C2(APOC2) M 5 CD36 K WM RIME A, il
JE T PI3ZK /Akt/ mTORIE B S EMT, Ml fig ik
B . FIRFSRE E T PI3K/AtF 5 i FE7E B
FE KRR RVE R . Y A0 52 2 20 BRI R
PI3KHY BT A AL BLPIP3, F 1M 5 Akt 2 45 3l Homl
R ik, 1M GSK3BAER FiiEsr+ . SZPI3KFIAktH)
¥, VO I AkeTT BN GSK3BREMR Ak i 2k, If:



Med J Chin PLA, Vol. 48, No. 3, March 28, 2023

BGC-823

2B 740Y-P4H shCUL34H shCUL3+740Y-PZH

HGC-27

48 h

1
o
m

740Y-P4H shCUL341 shCUL3+740Y-P41

0h

BGC-823

48 h

740Y-PZ4H shCUL341

HGC-27

BGC-823

B4 mRCUL3XIPI3K/Akt/GSK3 B [ 1) 52
Fig.4 Effect of knockdown of CUL3 on PI3K/Akt/GSK3[ pathway
A. Western blotting Kzl PI3K/Akt/GSK3 B il i & [ 1 F K781k ; B, C. 740 Y-PXICUL3 AR 5 s 40 HL 3L B2 6 1 A 520 ( x 40) 5
D. 740 Y-PX} CUL3 AR 15 958 20 M (2 22 18 7 1520 (0.19%45 T 58 4 {4, x 200)



IR G 202343 H 28 H 5548¥s 553

PR B-catenin 25 W R Ak I A 0 Ma A2, DT 00 ]
E-cadherin ) #235, FRARANIGIRIAY B2 3682, UG
EMT, {EdEppymanitinibsy . TR mizsE. Aot
K, THCUL3IKIK)G B EEMTIEREZ B ;
iE— 38 4 Western blotting*ﬁfmq::ﬁt HEdnficuLs
JEPI3K/Akt/GSK3 B 7 i [ JC 5 £ 11 1Y R ik 48
fb, ZERE I CUL3FEIAJG, p-PI3K, p-Akt
Kep-GSK3BF A it W] W REAK, 1 i A PI3KIK 3 71
(740 Y-P)J5 , MHOCHE FIMFRIN 2 AH R 1 a3,
P87 B CUL3 Al o A #5 PI3K / Akt / GSK3Bii
B FEMTI 254,

Zr LT, AR AEREY, CULfENEE
AL G LY, AT 38 o B PI3K /Akt/ GSK3B 15 S
BARTEEMT ) &A=, WIS 5 0845 15 9 40 i 1) 14
B . ERARZE . AV MAATEAN R ZAL: Kl
i IR CUL3 Y 32 28 A 9 G B s 4 e i 4 T 5
CUL35PI3K/Akt/GSK3BI5 5 il [ 2 8] & B 4E1E
SRR H AT AR AR . D, ASERRUR Sk AT
W SIYMAR N LR, dF—2 iR F48 B EIRIT
BER S RAEMEN S %,

[ &% 3k ]

[1]  Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics 2020:
GLOBOCAN estimates of incidence and mortality worldwide
for 36 cancers in 185 countries[J]. CA Cancer J Clin, 2021,
71(3): 209-249.

[2]  Smyth EC, Nilsson M, Grabsch HI, et al. Gastric cancer[]J].
Lancet, 2020, 396(10251): 635-648.

[3] Rugge M, Genta RM, Mario FD, et al. Gastric cancer as
preventable disease[J]. Clin Gastroenterol Hepatol, 2017,
15(12): 1833-1843.

[4] Shang]J, Jiao LX, Li MQ, et al. The inhibitory effect of dextran
sulfate sodium on the invasion and migration of human gastric
cancer cells by affecting M2 tumor-associated macrophages[J].
Med J Chin PLA, 2021, 46(1): 18-25. [ ¥, f2 Ay, 2845 3L
5B A e A T 38 5 e M2 TR S R A 5 e 20 e A
N i A 28 5 S B VR RO AL [ 7. il 45 B2 2 2,
2021, 46(1): 18-25.]

[S] Genschik P, Sumara I, Lechner E. The emerging family of
CULLIN3-RING ubiquitin ligases (CRL3s): cellular functions
and disease implications[J]. EMBO J, 2013, 32(17): 2307-2320.

[6] Grau L, Luque-Garcia JL, Gonzilez-Peramato P, et al. A
quantitative proteomic analysis uncovers the relevance of CUL3
in bladder cancer aggressiveness[]]. PLoS One, 2013, 8(1):
e53328.

(7]

(8]

(9]

(10]

(11]

(12]

[14]

(18]

[17]

(18]

[19]

Shibata T, Ohta T, Tong KI, et al. Cancer related mutations
in NRF2 impair its recognition by Keapl-Cul3 E3 ligase and
promote malignancy[J]. Proc Natl Acad Sci U S A, 2008,
105(36): 13568-13573.

Kim B, Nam HJ, Pyo KE, et al. Breast cancer metastasis
suppressor 1 (BRMS1) is destabilized by the Cul3-SPOP E3
ubiquitin ligase complex[J]. Biochem Biophys Res Commun,
2011, 415(4): 720-726.

Jia X, Cui J, Meng X, et al. Malignant transformation of human
gastric epithelium cells via reactive oxygen species production
and Wnt/B-catenin pathway activation following 40-week
exposure to ochratoxin A[J]. Cancer Lett, 2016, 372(1): 36-47.
Andérica-Romero AC, Escobar L, Padilla-Flores T, et al. Insights
in cullin 3/WNK4 and its relationship to blood pressure
regulation and electrolyte homeostasis[ J]. Cell Signal, 2014,
26(6): 1166-1172.

Lu A, Pfeffer SR. Golgi-associated RhoBTB3 targets cyclin E
for ubiquitylation and promotes cell cycle progression[J]. J Cell
Biol, 2013, 203(2): 233-250.

Qin YC, Jia D, Yu QW. Effects of lentivirus- mediated Cullin3
silencing on human glioma cells[J]. Neural Inj Funct Reconstr,
2017, 12(1): 9-13. [ZE B, T, THRMA. BwEN 30
Cullin3TLA A B TR 2 s [ 7], M2 45i 00 5 D g
#2017, 12(1): 9-13.]

Yuan WC, Lee YR, Huang SF, et al. A Cullin3-KLHL20
Ubiquitin ligase-dependent pathway targets PML to potentiate
HIF-1 signaling and prostate cancer progression[ J]. Cancer Cell,
2011,20(2): 214-228.

Zhang L, Liu B. Sapylin inhibits lung cancer cell proliferation
and promotes apoptosis by attenuating PI3K/AKT signaling[J].
J Cell Biochem, 2019, 120(9): 14679-14687.

Mokashi P, Khanna A, Pandita N. Flavonoids from Enicostema
littorale blume enhances glucose uptake of cells in insulin
resistant human liver cancer (HepG2) cell line via IRS-1/PI3K/
Akt pathway[ J]. Biomed Pharmacother, 2017, 90: 268-277.

Jin F, Wu Z, Hu X, et al. The PI3K/Akt/GSK-33/ROS/
eIF2B pathway promotes breast cancer growth and metastasis
via suppression of NK cell cytotoxicity and tumor cell
susceptibility[ J]. Cancer Biol Med, 2019, 16(1): 38-54.

Yan HZ, Wang HF, Yin Y, et al. GHR is involved in gastric cell
growth and apoptosis via PI3K/AKT signalling[J]. J Cell Mol
Med, 2021, 25(5): 2450-2458.

Wang C, Yang Z, Xu E, et al. Apolipoprotein C-II induces EMT
to promote gastric cancer peritoneal metastasis via PI3K/AKT/
mTOR pathway[ J]. Clin Transl Med, 2021, 11(8): e522.

Xi YL, Li HX, Chen C, et al. Baicalin attenuates high fat diet-
induced insulin resistance and ectopic fat storage in skeletal
muscle, through modulating the protein kinase B/Glycogen
synthase kinase 3 beta pathway[ J]. Chin J Nat Med, 2016, 14(1):
48-55.

(FUAESHE . AEMESR)





